Chagas disease is a potentially life-threatening illness caused by the flagellate protozoan Trypanosoma cruzi. In Brazil, benznidazole is the only drug available for the treatment of Chagas disease, but it has toxic side effects and is only active in the acute phase of the illness (Urbina 1999). With such an unfavourable treatment, the development of new drugs to fight Chagas disease becomes increasingly important.
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Because nitroaromatics have been found to be active against T. cruzi (Maya et al. 2003) , we decided to evaluate the trypanocidal activity of a metronidazole (MTZ) analogue [1-(2-iodoethyl)-2-methyl-5-nitroimidazole (MTZ-I)] (Fig. 1 ) previously synthesised in our laboratory (Busatti et al. 2007 ) and its beta-cyclodextrin (β-CD) inclusion complex. We also investigated the differences in toxicity between free MTZ-I and its β-CD inclusion complex. It has been well demonstrated that inclusion complexes decrease the toxic effect of some therapeutic agents (Corrêa et al. 2005) . Furthermore, the complexation of MTZ-I with CD may improve the bioavailability of MTZ-I by enhancing its water solubility.
The solubility of the complex was evaluated in relation to MTZ-I with a phase solubility study. The phase solubility diagram of MTZ-I and β-CD was obtained by plotting the changes in guest solubility as a function of β-CD concentration. The solubility curve can be classified as a B s curve according to Higuchi and Connors (1965) . The complex exhibits higher solubility than the guest molecule, but its limit was reached within the CD concentration ranges that were tested. Increasing the amount of available CD-molecules did not lead to a rise in solubility. However, the MTZ-I solubility increased considerably with an equimolar ratio of MTZ-I:β-CD.
The solid-state inclusion complex was characterised using infrared (IR) spectroscopy and differential scanning calorimetry (DSC). A comparison between the IR spectra of MTZ-I, β-CD, MTZ-I and β-CD in a simple 1:1 physical mixture (PM) and MTZ-I and β-CD as a complex shows some significant changes in the shape and position of the absorbance bands of the MTZ-I functional groups. Analysis of the IR spectra of the inclusion complexes revealed the most frequent changes to be in the range of 700-660 cm -1 , which were interpreted as the band corresponding to the vibration of the C-I bond. Differences were also found in the 1,526 and 1,356 cm -1 regions, which were attributed to the skeleton vibrations of the C-NO 2 group. Less pronounced changes were observed in the IR spectrum of the PM. The DSC thermal behaviours of MTZ-I, β-CD, the MTZ-I:β-CD complex and the MTZ-I:β-CD PM were also studied. The DSC curve for MTZ-I showed a typical pure crystalline substance profile with a sharp endothermic peak at 101.2ºC. The DSC curve of β-CD showed a broad endothermic peak in the range of 75-85ºC, which can be attributed to desolvation, followed by a small endothermic peak at 220.16ºC. The formation of an inclusion complex was suggested by the absence of a melting endothermic peak for MTZ-I in the DSC curve of the inclusion complexes. The PMs showed three endothermic peaks, two for the β-CD at 75.20ºC and 217.8°C, as well as one for the MTZ-I at 103.1ºC.
Molecular modelling was used to help establish the mode of interaction for β-CD with MTZ-I. In the molecular modelling study, solutions of 100 independent docking runs resulted in four clusters. The most favourable ΔG bind cluster had 36 conformations. The calculated free energy of binding of the lowest energy solution of docking was -5.63 Kcal/mol. Negative values of ∆G indicated that the complex was more thermodynamically stable than the isolated components and that the complex Key words: nitroaromatic -cyclodextrin -Chagas disease -Trypanosoma cruzi assembles spontaneously. The binding position with the lowest energy in the most favourable cluster of ∆G bind values was selected for a more detailed analysis. The MTZ-I adjusted well to the cavity of β-CD, with an imidazole ring and halogen creating van der Waals interactions and the polar groups interacting with the hydroxyl groups of β-CD (Fig. 2) .
The in vitro trypanocidal effects of pure MTZ-I and the MTZ-I:β-CD complex were evaluated against amastigote and trypomastigote forms of T. cruzi according to protocols established by Buckner et al. (1996) with modifications (Romanha et al. 2010 ). The β-galactosidase Tulahuen strain used was courtesy of Dr Frederick Buckner, University of Washington. Infective trypomastigote forms were obtained through a culture in monolayers of mouse L929 fibroblasts. For the bioassay, 96 well tissue culture microplates were seeded with L929 fibroblasts in 80 μL with a density of 4.0 x 10 3 fibroblasts per well and incubated overnight at 37ºC and 5% CO 2 . β-galactosidaseexpressing trypomastigotes in 20 μL of medium were then added at a density of 4.0 x 10 4 per well. After 2 h of contact, the medium with trypomastigotes that had not penetrated the cells was discarded and replaced by 200 μL of fresh medium. After 48 h, the medium was discarded again and replaced by 180 μL of fresh medium and 20 μL of a solution of MTZ, MTZ-I or MTZ-I:β-CD at different concentrations. Each compound was tested in quadruplicate. After seven days of culture development, chlorophenol red β-D-galactopyranoside at 100 µM and Nonidet P-40 at 0.1% were added to the plates and the plates were then incubated overnight at 37ºC. The absorbance was measured at 570 nm in an automated microplate reader. Benznidazole at its half maximal inhibitory concentration (IC 50 ) (1 μg/mL = 3.81 µM) was used as a positive control. The results were expressed as the percentage of parasite growth inhibition.
In vitro cytotoxic tests to determine the toxicity of the compounds against L929 cells were also carried out using alamarBlue ® . The conditions were the same as those described for the β-galactosidase assay. After 96 h of exposure to the compounds, the alamarBlue ® was added and the absorbance at 570 and 600 nm was measured after 4-6 h. The cell viability was expressed as the percentage of difference in the reduction between treated and untreated cells (Romanha et al. 2010) . Lethal concentration (LC 50 ) and IC 50 values were calculated using linear interpolation and the selectivity index (SI) was determined based on the ratio of the LC 50 value in the host cell to the IC 50 value of the parasite (LC 50 /IC 50 ratio) (Table) . The activity and toxicity of MTZ was included for comparison. According to results shown in Table, MTZ-I and MTZ-I:β-CD were 10 times more active than MTZ, demonstrating that the presence of the iodine atom on the side chain increased the trypanocidal activity while leaving the cytotoxicity unaltered. The SI shows that MTZ-I was at least 10 times more active against T. cruzi than against mammalian cells.
The trypanocidal activity of aromatic non-imidazole nitrocompounds was previously described by us (Oliveira et al. 2003) . All compounds tested displayed lower activity against trypomastigote forms of T. cruzi (IC 50 > 450 µM) when compared to the activity of MTZ-I (111 µM). This may be evidence of the greater effectiveness of nitroimidazoles as trypanocidal agents.
The efficacy of 2 and 5-nitroimidazoles including benznidazole, megazol and nifurtimox on different T. cruzi strains was described by Maya et al. (2003) and the IC 50 values varied from 3.75-74.99 µM in the Tulahuen strains. These IC 50 values were lower when compared with those obtained for MTZ-I (111 µM) in this work. However, the previous authors used the non-infective epimastigote form while we evaluated the effect of MTZ and MTZ-I against trypomastigotes and amastigotes of the Tulahuen T. cruzi line. This can justify the observed differences in activity.
Pure MTZ-I and MTZ-I:β-CD exhibited the same trypanocidal activity and toxicity in mammalian cells. However, complexation by inclusion increases MTZ-I solubility in water 1.7 times. The improved solubility of MTZ-I is expected to result in better bioavailability and more predictable trypanocidal activity.
The modification of the MTZ side chain presents a promising avenue for the development of new drugs, as exhibited here as well as in Busatti et al. (2007) . The formation of an inclusion complex creates an interesting platform for the delivery of drugs with poor physicochemical and biopharmaceutical properties. However, further studies are necessary to assess the real potential of using these compounds and their derivatives as drugs. The synthesis of other MTZ analogues and their subsequent biological evaluation are presently under investigation.
